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聚体（HAND）系统，用以解决多重 PCR 扩增效率不高的问题。 
第一章，简要介绍霍乱弧菌和伤寒副伤寒的背景知识；实时 PCR 技术；多
重 PCR 技术和相同标签辅助-无引物二聚体（HAND）系统的原理。 
第二章，选取霍乱弧菌的 4 个基因(hlyA、ctxA、O1 rfb 和 O139 rfb)建立一个
多重实时 PCR 检测体系，用以对霍乱弧菌的检测、简单分型（O1 群/O139 群/
非 O1 和 O139 群）和对产肠毒素株的识别。实时 PCR 检测体系具有特异性好、
灵敏度高和快速简便等优点。可对 102 株菌株（70 株霍乱弧菌和 32 株非霍乱弧
菌株）进行准确区分，特异性达 100%。用纯培养的 O1 群和 O139 群产毒素的霍
乱弧菌进行 低检出限实验，得出其 低检出限可达 2 CFU/PCR 反应。用牛蛙
养殖池水进行模拟样品的培养，得出 10 CFU/ml 的样品经 3h 孵育后即可用多重
PCR 体系进行样品检测。对 157 份样品（89 份牛蛙样品，68 份水样品）进行传




Vi 抗原基因（ViaB）来建立一个快速鉴定和识别的多重实时 PCR 检测试剂盒。




份阳性和 326 份阴性样品）来评价试剂盒。 后试剂盒检出 218 份阳性和 320
份阴性，其灵敏度为 100%，特异性为 98.2%。 
 
















The availability of rapid, specific assays to accurately detect/identify bacterial 
pathogens, has become increasingly important for the disease control and prevention. 
This dissertation developed a multiplex real-time PCR assay targeting four genes of V. 
cholerae and four pathogens causing typhoid fever and paratyphoid fever, respectively. 
HAND (Homo-Tag Assisted Non-Dimer) system was used in multiplex PCR assay to 
solve the problem of low amplification efficiency. 
In chapter one, the background of V. cholerae and four pathogens causing 
typhoid fever and paratyphoid fever, the knowledge about real time PCR and 
multiplex PCR, and the principle of HAND (Homo-Tag Assisted Non-Dimer) system 
were summarized briefly. 
In chapter two, a quadruplex real-time PCR assay targeting four genes, the 
cholera toxin gene (ctxA), the hemolysin gene (hlyA), O1-specific rfb, and 
O139-specific rfb, was developed for detection and differentiation of O1, O139, and 
non-O1, non-O139 strains and for prediction of their toxigenic potential. These assay 
can both rapidly and accurately detect/identify V. cholerae.The specificity of the assay 
was 100% when tested against 70 strains of V. cholerae and 31 strains of non-V. 
cholerae organisms. The analytical sensitivity for detection of toxigenic V. cholerae 
O1 and O139 was 2 CFU per reaction with cells from pure culture. When the assay 
was tested with inoculated water from bullfrog feeding ponds, 10CFU/ml could 
reliably be detected after culture for 3 h. The assay was more sensitive than the 
culture method when tested against 89 bullfrog samples and 68 water samples from 
bullfrog feeding ponds. 
In chapter three, a multiplex real-time PCR assay targeting H antigen gene 
(fliC-a、 fliC-b) and Vi antigen gene (ViaB) was developed for detection four 
pathogens of S. typhi, S. paratyphi A, S. paratyphi B and S. paratyphi C. SsaR gene 
was used as an IAC (internal amplification control ) for quality control in PCR assay. 
The fluorescence channel of FAM and HEX was used to monitor the signal of target 















the assay was 100% when tested against 16 strains bought from CMCC. The CV% of 
assay was lower than 5%, and limit of detection was 104CFU/ml. The PCR assay was 
100% sensitivity and 98.2% specificity when test against 538 clinical samples. 
 
 






























规定的甲类传染病之一。在霍乱弧菌的 200 多个血清群中，仅 O1 群和 O139 群
霍乱弧菌能引起暴发流行。O1 群霍乱弧菌曾引起七次世界性霍乱大流行，给类





霍乱的爆发流行[1]；而其它的非 O1 群/O139 群霍乱弧菌几乎不产霍乱肠毒素，
仅引起霍乱样的腹泻，即一般腹泻[5,1]。因此在霍乱弧菌监测时必须关注几个重



























多个[3]。根据 O 抗原的分型，伤寒沙门菌在 D 群，含 O 抗原 9 和 12；甲型副伤
寒沙门菌在Ａ群，含Ｏ抗原 2 和 12；乙型副伤寒沙门菌在 B 群，含 O 抗原 1、4、
5 和 12；丙型副伤寒沙门菌在 C 群，含Ｏ抗原 6 和 7。根据 H 抗原的分型，伤
寒沙门菌的第一相为 d，无特异性的第二相；甲型副伤寒沙门菌的第一相为 a，
无特异性的第二相；乙型副伤寒沙门菌的第一相为 b，第二相为 1 和 2；丙型副





病、死亡统计表》，霍乱在 2008 年共计有发病数 168 例，死亡 0 例；2009 年共
计发病数 85 例，死亡 0 例。伤寒、副伤寒在 2008 年共计有发病数 15641 例，死












































































Figure 1-1: Illustration of the principle of HAND system. (A) Flow chart of multicolor 
real-time PCR assay. (B) The prevention of accumulation of primer-dimers (PDs) through 
pan-handle structure formation. 
















HAND 系统是指 Homo-Tag Assisted Non-Dimer 系统，可用来提高多重 PCR
的扩增效率和检测灵敏度。HAND 系统的原理是：在普通多重 PCR 的引物 5′端
添加上一段相同的寡核苷酸序列。这一寡核苷酸序列（简称为标签序列）是人为
设计的，长约 20bp，富含 GC%，并且这段标签序列用 NCBI 的 blast 工具证实的
不与任何已知基因组序列具高度同源性。HAND 系统已被证明的能有效抑制引
物二聚体的形成[16,11]，成为多重 PCR 的有效策略之一。HAND 系统采用两种引
物，即加尾引物（5′端为人为添加的标签，3′端为特异结合的序列）和通用引物
（序列与加尾引物的标签部分相同），其中上下游加尾引物含有相同的标签。本





































第二章 多重实时 PCR 检测霍乱弧菌  
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霍乱弧菌的表面具有耐热的 O 抗原和不耐热的 H 抗原。根据 O 抗原的不同，霍
乱弧菌可以细分成多个不同的型别，目前就已发现了 200 多个血清型别[1]。H 抗









引起致死性的腹泻，即霍乱的爆发流行[1]；而其它的非 O1 群/O139 群霍乱弧菌
几乎不产霍乱肠毒素，仅引起霍乱样的腹泻，即一般腹泻[5,1]。 
 
自 1817 年以来，霍乱弧菌就曾引起 7 次世界性的霍乱大流行，导致成千上
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